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(57) Abstract: A method of fabricating a vertical 
cavity sni&ce emitting laser comprising the steps 
of epitaxiaUy growing a first DBR (104) positioned 
on a snbstiate (102) wherein the first DBR is 
epitaxiaUy grown using MOCVD. The substrate is 
orientated in an off-axis crystallographic direction 
which increases the radiative efficiency. A first 
cladding layer (106) is positioned on the first DBR 
and to an active region (108) is epitaxiaUy grown 
on the first cladding layer wherein the active region 
is epitaxiaUy grown using plasma assisted MBE. 
A second DBR (112) is epitaxiaUy grown on the 
second cladding layer (110) wherein the second 
DBR is epitaxiaUy grown using MOCVD. The active 
region is e{ritaxiaUy grown using plasma asdsted 
MBE to increase the mole fraction of nitrogen "N" 
incoiporation. The DBR*s are grown using MOCVD 
to inqimve the electiical perfoimance. 
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ELECTRICALLY PUMPED LONG-WAVELENGTH VCSEL 
AND METHODS OF FABRICATION 



FIELD OF THE INVENTION 
5 This invention relates to lasers. 

More particularly/ the present invention relates 
to lasers that generate relatively long wavelengths. 



BACKGROUND OF THE INVENTION 

10 Vertical cavity siirface emitting lasers 

(hereinafter referred to as ^^VCSEL's") include first 
and second distributed Bragg reflectors (hereinafter 
referred to as "^DBR's") formed on opposite sides of an 
active area. The VCSEL can be driven or pumped 

15 electrically by forcing current through the active area 
or optically by supplying light of a desired frequency 
to the active area. Typically, DBR's or mirror stacks 
are formed of a material system generally consisting of 
two materials having different indices of refraction 

20 and being easily lattice matched to the other portions 
of the VCSEL. In conventional VCSEL' s, conventional 
material systems perform adequately. 

However, new products are being developed 
requiring VCSEL' s which emit light having a long 

25 wavelength. The indium gallium arsenic nitride (herein 
after referred to as ^^InGaAsN") material system can be 
used to fabricate light sources that have been shown to 
emit at wavelengths near 1300 nm, and up to 1500 nm for 
some edge emitting devices. These wavelengths are 

30 important for fiber pl>^4;0 communication systems. The 
InGaAsN material .system can be closely lattice matched 
to gallium arsenide (hereinafter referred to as ""GaAs") 
and/ therefore, can be epitaxially grown on a GaAs 
substrate. This feature is significant because gallium 

35 arsenide / aluminum arsenide (GaAs/AlAs) DBR materials 
can then be used to foria th highly reflective mirrors 
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of a 1300 Dm long wavelength vertical cavity surface 
emitting laser (hereinafter referred to as ^^VCSEL") 
with InGaAsN or InGaAsN grown with the addition of 
antimony (Sb) (hereinafter referred to as «InGaAsN:Sb") 
quantum wells as the active gain medium. 

However, a problem encountered in making long 
wavelength VCSEL's based on the InGaAsN material system 
is the difficulty of incorporating a sufficient mole 
fraction of nitrogen into the lattice of the grown 
epilayers in order to reduce the bandgap for long 
wavelength operation. The nitrogen incorporation can 
be in5>roved by reducing the epitaxial growth 
temperature for both plasma assisted molecular beam 
epitaxy (hereinafter referred to as "MBE") and 
metalorganic chemical vapor phase deposition 
(hereinafter referred to as "MOCVD") , with a resultant 
degradation in material quality and photoluminescence 
intensity. Also, the nitrogen mole fraction can also 
be increased much more svibstantially by introducing a 
plasma source in an ultra-high vacuum plasma assisted 
MBE chamber to produce more nitrogen radicals. 

It would be highly advantageous, therefore, to 
remedy the foregoing and other deficiencies inherent in 

the prior art. 

Accordingly, it is an object of the present 
invention to provide a new and inqproved method of 
fabricating an electrically punped long wavelength 
vertical cavity surface emitting laser. 

It is an object pf the present invention to 
30 provide a new and impr9yed method of fabricating an 
electrically pumped long wavelength vertical cavity 
surface emitting laser which incorporates more nitrogen 
into the active region. 

It is another object of the present invention to 
35 provide a new and improved method of fabricating an 
electrically pmped Ipi^g wavelength vertical cavity 
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surface emitting laser which has an improved radiation 
efficiency. 

It is still another object of the present 
invention to provide a new and improved method of 
fabricating an electrically pumped long wavelength 
vertical cavity surface emitting laser which has high 
quality distributed Bragg reflector mirrors. 

It is still another object of the present 
invention to provide a new and improved electrically 
puir5>ed long wavelength vertical cavity surface emitting 
laser which can be fabricated with a higher growth 
rate. 

It is a further object of the present invention to 
provide a new and in^roved electrically pumped long 
15 wavelength vertical cavity surface emitting laser which 
has distributed Bragg reflectors that have continuously 
graded heterointer faces . 

SUMMARY OF THE INVENTION 
20 To achieve the objects and advantages specified 

above and others, a method of fabricating an 
electrically puinped long wavelength vertical cavity 
surface emitting laser is disclosed. The method 
includes epitaxially growing a distributed Bragg 

25 reflector positioned on a compatible substrate wherein 
the distributed Bragg reflector is epitaxially grown 
using MOCVD. A GaAs cladding layer is epitaxially 
grown on the distributed Br^gg reflector and an active 
region is epitaxially grown on the cladding layer 

30 wherein the active region epitaxially grown using 
plasma assisted MBE. A cladding layer is epitaxially 
grown on the active region and a distributed Bragg 
reflector is epitaxially grown on the cladding layer 
wherein the distributed Bragg reflector is epitaxially 

35 grown using MOCVD. 
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In the preferred embodiment, the siabstrate 
includes GaAs and is orientated in the (100), (111)# 
(211) r (311) r (411), or another off-axis 
crystallographic direction. By orienting the substrate 
off-axis, the radiation efficiency is improved. Also, 
the light emission can be confined to a desired region 
by using lateral oxidation or proton implantation. 
Further, the light emission can be confined to a 
desired region by forming a mesa in the distributed 
Bragg reflector. 

One reason MOCVD is used to epitaxially grow the 
distributed Bragg reflectors is because it is easier to 
control the doping and the interfacial compositional 
grading. Also, the growth rate using MOCVD is faster 
than plasma assisted MBE which is important because 
DBR's are relatively thick. 

One reason plasma assisted MBE is used to 
epitaxially grow the active region is because it is 
easier to incorporate nitrogen into the semiconductor 
layers to reduce the bandgap for long wavelength 
operation. Thus, the method of fabricating the 
electrically pumped long wavelength vertical cavity 
surface emitting laser combines the advantages of both 
the plasma assisted MBE and MOCVD growth techniques. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and further and more specific 
objects and advantages pf the instant invention will 
become readily apparent; to those skilled in the art 
from the following det^ilecl description of a preferred 
embodiment thereof taken tn conjunction with the 
drawings, in which the jingle figure is a sectional 
view of a vertical cavity surface emitting laser in 
accordance with the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Turn now to the figure which illustrates an 
electrically puB«>ed long wavelength vertical cavity 
surface emitting laser 100 in accordance with the 
present invention. It will be \jnderstood that while we 
are illustrating a single VCSEL that generally a 
plurality of VCSEL' s are deposited or grown in blanket 
layers over an entire wafer so that a large number of 
VCSEL' s are fabricated simultaneously. A substrate 102 
is provided which may be, for exan?>le, a semiconductor 
wafer or the like. In the preferred embodiment, 
substrate 102 includes n-type doped GaAs and is 
orientated in a crystallographic direction such as the 
(100), (111), (211), (311), (411), or another off-axis 
crystallographic direction. However, it will be 
understood that other material systems may be 
appropriate where it is desired to emit light at a 
different wavelength. Further, by using an off-axis 
crystallographic direction, the radiation efficiency is 
20 sijbstantially improved. 

A DBR region 104 is positioned on substrate 102 
wherein DBR region 104 is epitaxially grown using a 
MOCVD system. In the preferred embodiment, DBR region 
104 is n-type doped and includes a plurality of AlGaAs 
25 layers 103 wherein a GaAs layer 105 is sandwiched 
therebetween each adjacent AlGaAs layer 103. It will 
be understood that layer 105 can include other 
materials, such as AlGaAs alloyed with a different 
composition compared to AlGaAs layer 103. Further, 
each pair of layers 103| dn4 105 in DBR region 104 has a 
thickness 121 of a quarter-wavelength. In addition, 
the layers in DBR region 104 are lattice matched to 

substrate 102. 

A GaAs cladding layer 106 is then epitaxially 
35 grown in the MOCVD system on DBR region 104. GaAs 
cladding layer 106 p^h ^la© as a protective cap to 
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minimize contamination when electrically pumped long 
wavelength VCSEL 100 is transferred from the MOCVD 
system to a MBE system, as will be discussed presently. 

Once the transfer to the MBE system is made, an 
active region 108 is epitaxially grown on GaAs cladding 
layer 106. It will be understood that the there are 
many different types of MBE systems that can be used. 
In the preferred embodiment, a plasma assisted MBE 
system is used to increase the number of nitrogen 
radicals. In some embodiments, part of GaAs cladding 
layer 106 may be removed after transfer to the plasma 
assisted MBE system to ensure that further layers are 
grown on a pristine surface. In the preferred 
embodiment, active region 108 includes a plurality of 
15 barrier layers 109 having sandwiched therebetween a 
quantum well layer 107 wherein the quantum well layers 
include InGaAsN. It will be understood that the 
quantum well layers can be grown with the addition of 
various elements, such as antimony (Sb) or other 
suitable materials to inqprove the quality of the 
quantum well structures. In the preferred embodiment, 
barrier layers 109 include GaAs, but it will be 
understood that other materials could be used, such as 
tensile strained GaAsP, GaAsN, or Ga(Al)AsN. Also, in 
25 the preferred embodiment, quantum well layers 107 can 
include alloys of the InGaAsN material system, but 
other material systems may be appropriate. 

Generally active Region 108 includes one or more 
quantum structures, * .sue* ds quantum dots, quantum 
wires, or quantum wells? with barrier layers sandwiched 
therebetween. As is xinderstood by those skilled in the 
art, active region 108 is formed with a thickness 123 
equal to approximately an integer multiple of one 
wavelength of the emitted light. A GaAs cladding layer 
35 110 is then epitaxially grown in the plasma assisted 
MBE system on active region 108. GaAs cladding layer 
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110 can also act as a protective cap to minimize 
contamination- when electrically pimped long wavelength 
VCSEL 100 is transferred from the plasma assisted MBE 
system to the MOCVD system. 
5 Cladding layers 106 and 110 are included to 

provide carrier confinement and phase matching and to 
this end they generally have higher bandgaps than 
active region 108. Here it will be understood that, 
while cladding layers 106 and 110 are illustrated and 
10 referred to as single layers, either or both can 
include multiple layers in various embodiments and for 
varying purposes. Further, it is well-known to those 
skilled in the art that cladding layers 106 and 110 can 
also serve as doped intra-cavity contacting layers for 
15 electrical current injection. 

One reason plasiaa assisted MBE is used to grow 
active region 108 is because it is easier to 
incorporate nitrogen into the semiconductor layers to 
reduce the bandgap for long wavelength operation. 
20 Further, nitrogen incorporation can be inqproved by 
introducing a plasma source in the plasma assisted MBE 
system to produce more nitrogen radicals. Also, the 
plasma assisted MBE system does not require any doping 
source and, therefore, the purity of the growth chamber 
25 is preserved which improves the quality of the 
epitaxial material. 

Once electrically pimped long wavelength VCSEL 100 
is transferred from the plasma assisted MBE system back 
to the MOCVD system^ a DBR region 112 is epitaxially 
30 grown on GaA6 cladding' layer 110. In the preferred 
embodiment/ DBR regipn 112 is p-type doped and includes 
a plurality of GaAs layers 113 having sandwiched 
therebetween AlGaAs layers 111. Further, each pair of 
layers 111 and 113 in PBR region 112 has a thickness 
35 125 approximately equal to a quarter-wavelength. 
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A carrier confinement region 114 is formed within 
DBR region 112. Carrier confinement region 114 can 
include a proton implant or the lateral oxidation of 
AlGaAs. Further, in the preferred embodiment, a top 
5 metal contact 118 is deposited on DBR region 112 and a 
bottom metal contact 120 is deposited on substrate 102. 
Top metal contact 118 is patterned or etched to form a 
VCSEL emission aperture 122. Carrier confinement 
region 114 is formed and aligned to allow light 
10 emission through DBR region 112 and VCSEL emission 
aperture 122, as illustrated in the figure. To further 
enhance light emission, DBR region 112 can include a 
mesa to increase the carrier confinement. 

While the steps of the fabrication method have 
15 been described, and will be claimed, in a specific 
order, it will be clear to those skilled in the art 
that various steps and procedures may be performed in a 
different order. It is intended, therefore, that the 
specific order described or claimed for the various 
20 fabrication steps does not in any way limit the 
invention and any variations in order that still come 
within the scope of the invention are intended to be 
covered in the claims. 

Also, it will be understood that the radiation 
25 efficiency of electronically pumped long wavelength 
vertical cavity surface emitting laser 100 can be 
substantially improved by orienting substrate 102 in an 
off-axis crystallographip direction, such as the (100), 
(111), (211), (311), (411) or another suitable off-axis 
30 crystallographic direction, wherein the subsequent 
layers grown thereon are grown using either a MBE 
system or a MOCVD system. 

One reason MOCVD is used to epitaxially grow the 
first and second DBR's is because it is easier to 
35 control the doping. Further / using MOCVD it is easier 
to grow high quality PBB^s with continuously graded 
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heterointerfaces. Also, the growth rate using MOCVD is 
faster than plasma assisted MBE which is important 
because DBR's need to be relatively thick at long 
wavelengths and it is highly desirable to decrease the 
growth time. 

Thus, a new method for fabricating a long 
wavelength VCSEL uses a hybrid mixture of epitaxial 
growth approaches that combine the advantages of both 
plasma assisted MBE and MOCVD. The active region is 
epitaxially grown with plasma assisted MBE and the DBR 
mirrors are grown using MOCVD. Further, the radiative 
efficiency is substantially improved by epitaxially 
growing the long wavelength VCSEL on an off-axis 
substrate, which also improves the power performance 
and polarization control. The hybrid epitaxial growth 
method is a highly manufacturable and cost effective 
all-epitaxial process. The plasma assisted MBE growth 
does not require any doping source, thus preserving the 
purity of the growth chamber and inqoroving the quality 
of the epitaxial material. Further, MOCVD is best 
equipped for DBR growth due to the ease of inter facial 
coii¥)Ositional grading and doping control, as well as 
its greater efficiency in growing the thicker DBR 
epilayer structures required for long wavelength 
VCSELS . 

Various changes and modifications to the 
embodiments herein chosen for purposes of illustration 
will readily occur to those skilled in the art. To the 
extent that such modif ipations and variations do not 
depart from the spirj-t of the invention, they are 
intended to be included within the scope thereof which 
is assessed only by a fair interpretation of the 
following claims. 

Having fully described the invention in such clear 
and concise terms as to enable those skilled in the art 



to understand and practice the same, the invention 
claimed is: * 
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CIAIMS 

1. A method of fabricating a vertical cavity 
surface exaitting laser comprising the steps of: 

epitaxially growing a first stack of 
alternate layers of a first material and a second 
material on a substrate using Metalorganic Chemical 
Vapor Phase Epitaxy; 

epitaxially growing an active region 
positioned on the first stack using Molecular Beam 
Epitaxy; 

epitaxially growing a second stack of 
alternate layers of a third material and a fourth 
material positioned on the active region using 
Metalorganic Chemical Vapor Phase Epitaxy. 

2. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 1 wherein 
the substrate is orientated in ain off-axis 
crystallographic direction to improve the radiation 
efficiency of the vertical cavity surface emitting 
laser. 

3. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 1 wherein 
the step of using Molecular Beam Epitaxy to epitaxially 
grow the active region includes using plasma assisted 
Molecular Beam Epitaxy » 

4 . A method oil fabricating a vertical cavity 
surface emitting laser a3 claimed in claim 1 wherein 
the first stack is n-type doped and the first material 
and the second material, include an alloy of AlGaAs and 
wherein each layer of the first and second material in 
the first stack has a tjiickness approximately equal to 
a quarter-wavelength. 
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5. A inethod of fabricating a vertical cavity 
surface emitting laser as claimed in claim 1 wherein 
the second stack is p-type doped and the third material 
and the fourth material include an alloy of AlGaAs and 
wherein each layer of the third and fourth material has 
a thickness approximately equal to a quarter- 
wavelength. 

6. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 1 wherein 
the active region includes a plurality of quantum 
structures with a bandgap which include one of quantum 
wells / quantum dots, quantum wires, and combinations 
thereof. 

7 . A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 6 wherein 
the active region contains a plurality of quantum 
barrier layers sandwich therebetween each quantum 
structure wherein each quantiam barrier layer has a 
bandgap larger than the bandgap of the quantum 
structures . 

8 . A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 1 wherein 
the first stack and thq (second stack include alloys of 
AlGaAs which are continuously graded in composition to 
form continuously graded beterointerf aces . 

9. A method pf fabricating a vertical cavity 
surface emitting laser as claimed in claim 1 wherein 
the first stack includes a first cladding layer 
positioned adjacent to the active region. 

10. A method of fcib^icating a vertical cavity 
surface emitting laser aS claimed in claim 9 wherein 
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the second stack includes a second cladding layer 
positioned adjacent to the active region. 

A method of fabricating a vertical cavity surface 
emitting laser coii5>rising the steps of: 

providing a GaAs substrate oriented in one of 
the (211) r (311)/ (411)/ and another off-axis 
crystallographic direction to in?>rove the radiation 
efficiency of the vertical cavity surface emitting 
laser; 

epitaxially growing a first distributed Bragg 
reflector positioned on the GaAs siibstrate including a 
plurality of GaAs layers wherein each GaAs l^yer is 
sandwiched therebetween layers of an AlGaAs alloy and 
wherein the first distributed Bragg reflector is grown 
using Metalorganic Chemical Vapor Phase Epitaxy; 

epitaxially growing a first cladding layer 
positioned on the first distributed Bragg reflector; 

epitaxially growing an active region which is 
capable of emitting light/ the active region having a 
thickness equal to approximately an integer multiple of 
one wavelength and is positioned on the first cladding 
layer wherein the active region include a pl\irality of 
quantum structures which include at least one InGaAsN 
alloy layer and wherein the active region is grown 
using Molecular Beam Epitaxy; 

epitaxially growing a second cladding layer 
positioned on the active region; and 

epitaxially grqwing a second distributed 
Bragg reflector positipiiecl on the second cladding layer 
including a plurality of (SaAs layers wherein each GaAs 
layer is sandwiched ther©i)$tween layers of a AlGaAs 
alloy and wherein the second distributed Bragg 
reflector is grown using Metalorganic Chemical Vapor 
Phase Epitaxy. 
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12. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 11 wherein 
the first distributed Bragg reflector is n-type doped 
and the second distributed Bragg reflector is p-type 
doped. 

13. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 11 wherein 
the first distributed Bragg reflector is p-type doped 
and the second distributed Bragg reflector is n-type 
doped. 

14. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 11 wherein 
protons are implanted to a depth within the second 
distributed Bragg reflector to produce a highly 
resistive implanted region that provides carrier 
confinement. 

15. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 11 wherein a 
mesa is formed in the second Bragg reflector to provide 
carrier confinement. 

16. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 11 wherein 
portions of one or more layers in the second Bragg 
reflector mirror are l^t^rally oxidized to provide 
carrier confinement . 

17. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 11 including 
in addition the step of depositing a p-metal contact 
layer onto a portion of the second distributed Bragg 
reflector leaving an optical aperture for the emitted 
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light to exit and depositing a n-m tal contact layer on 
the back side of the GaAs substrate. 

18. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 11 wherein 
the plurality of quantum barrier layers in the active 
region includes one of GaAs, GaAsN, GaAsP, Ga(Al)AsN, 
and another suitable material with a bandgap larger 
than the bandgap of the quantum structures. 

19. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 11 wherein 
at least one layer in the active region includes one of 
antimony (Sb) and another suitable material to improve 
the quality of the quantum well structures. 

20. A method of fabricating a vertical cavity 
surface emitting laser comprising the steps of: 

providing a substrate; 

epitaxially growing a first distributed Bragg 
reflector positioned on the substrate wherein the first 
distributed Bragg reflector is doped p-type and 
includes a plurality of GaAs/AlGaAs layers which are 
grown using Metalorganic Chemical Vapor Phase Epitaxy; 

epitaxially growing a first cladding layer 
positioned on the first; (li$tributed Bragg reflector; 

epitaixialiy growing an active region capable 
of emitting light/ tlie jaiqtive region having a thickness 
equal to approximately »ii integer multiple of one 
wavelength positioned pti the first cladding layer 
wherein the active region is doped n-type and includes 
a plurality of quantum structures with a bandgap which 
includes at least one layer of an InGaAsN alloy 
sandwiched therebetween a plurality of barrier layers 
and wherein the active region is grown using plasma 
assisted Molecular Be^ Epitaxy; 
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epitaxially growing a second cladding layer 
positioned on the active region; and 

epitaxially growing a second distributed 
Bragg reflector positioned on the second cladding layer 
wherein the second distributed Bragg reflector includes 
a plurality of GaAs/AlGaAs layers which are grown using 
Metalorganic Chemical Vapor Phase Epitaxy. 

21. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 20 wherein 
the plurality of barrier layers includes one of GaAs 
and another suitable material. 

22. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 20 wherein 
the substrate includes one of GaAs and another suitable 
loaterial • 

23. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 20 wherein 
the substrate is oriented in an off-axis 
crystallographic direction to improve the radiation 
efficiency of the vertical cavity surface emitting 
laser . 

24. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 19 wherein 
protons are implanted tp a dtepth within the second 
distributed Bragg rfjf ieictor to produce a highly 
resistive implanted regioxi that provides carrier 
confinement. 

25. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 20 wherein a 
mesa is formed in the second Bragg reflector to provide 
carrier confinement %' 
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26. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 19 wherein 
portions of one or more layers in the second Bragg 
reflector mirror are laterally oxidized to provide 
carrier confinement. 

27. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 20 including 
further the step of depositing a p-metal contact layer • 
is onto a portion of the second distributed Bragg 
reflector leaving an optical aperture for the emitted 
light to exit and depositing a n-metal contact layer is 
on the back side of the GaAs sxibstrate. 

28. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 20 including 
further the step of depositing a n-metal contact layer 
is onto a portion of the second distributed Bragg 
reflector leaving an optical aperture for the emitted 
light to exit and depositing a p-metal contact layer is 
on the back side of the GaAs s\jbstrate. 

29. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 20 wherein 
the active region includes a plurality of quant\am 
structures with a baridgap which include one of quantum 
wells ^ quantum dots/ quantum wires and combinations 
thereof. 

30. A method of fatJrlcating a vertical cavity 
sxirface emitting laser ^a claimed in claim 20 wherein 
at least one layer in the active region includes one of 
antimony (Sb) and another suitable material to improve 
the quality of the "quaiitun structures . 



31. A methda of fabricating a vertical cavity 
surface emitting laser as claimed in claim 20 wherein 
the plurality of quantum barrier layers in the active 
region includes one of Gahs, GaAsN/ GaAsP, Ga(Al)AsN/ 
and another suitable material with a bandgap larger 
than the bandgap of the quantum structures. 

32. A method of fabricating a vertical cavity 
surface emitting laser comprising the steps of: 

providing a GaAs substrate oriented in one of 
the (211), (311)/ (411), and another off-axis 
crystallographic direction to improve the radiation 
efficiency of the vertical cavity surface emitting 
laser; 

epitaxially growing a first distributed Bragg 
reflector positioned on the GaAs substrate including a 
plurality of GaAs layers wherein each GaAs layer is 
sandwiched therebetween layers of an AIGglAs alloy; 

epitaxially growing a first cladding layer 
positioned on the first distributed Bragg reflector; 

epitaxially growing an active region which is 
capable of emitting light, the active region having a 
thickness equal to approximately an integer multiple of 
one wavelength and is positioned on the first cladding 
layer wherein the active region include a plurality of 
cpiantum structures which include at least one InGaAsN 
alloy layer; 

epitaxially growing a second cladding layer 
positioned on the aqtziy^ region; and 

epitaxially growing a second distributed 
Bragg reflector positioned on the second cladding layer 
including a plurality of GaAs layers wherein each GaAs 
layer is sandwiched therebetween layers of a AlGaAs 
alloy. 
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33. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 32 wherein 
at least one of the first distributed Bragg reflector, 
the active region, and the second distributed Bragg 
reflector is grown using Molecular Beam Epitaxy. 

34. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 32 wherein 
at least one of the first distributed Bragg reflector, 
the active region, and the second distributed Bragg 
reflector is grown using Metalorganic Chemical Vapor 
Phase Epitaxy. 

35. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 32 wherein 
the vertical cavity surface emitting laser is grown 
using one of Metalorganic Chemical Vapor Phase Epitaxy, 
Molecular Beam Epitaxy, or combinations thereof. 

36. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 32 wherein 
at least one layer in the active region includes one of 
antimony (Sb) and another suitable material to improve 
the quality of the quantum structures. 

37 . A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 32 wherein 
the first distributed Bragg reflector is n-type doped 
and the second distributed Bragg reflector is p-type 
doped. 

38. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 37 including 
in addition the step of depositing a p-metal contact 
layer onto a portion of the second distributed Bragg 
refl ctor leaving airi optical aperture for the emitted 



light to exit and depositing a n-metal cbntact ' layer on 
the back side of the GaAs substrate. 

39. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 32 wherein 
the first distributed Bragg reflector is p-type doped 
and the second distributed Bragg reflector is n-type 
doped. 

40. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 39 including 
in addition the step of depositing a n-metal contact 
layer onto a portion of the second distributed Bragg 
reflector leaving an optical aperture for the emitted 
light to exit and depositing a p-metal contact layer on 
the back side of the GaAs substrate. 

41. A method of fabricating a vertical cavity 
surface emitting laser as claimed in claim 32 wherein 
the plurality of quantum barrier layers in the active 
region includes one of GaAs, GaAsN, GaAsP, Ga(Al)AsN, 
and another suitable material with a bandgap larger 
than the bandgap of the quantum structures. 
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